Abstract Monthly precipitation and temperature trends of 51 stations in the Yangtze basin from 1950-2002 were analysed and interpolated. The Mann-Kendall trend test was applied to examine the monthly precipitation and temperature data. Significant positive and negative trends at the 90, 95 and 99% significance levels were detected. The monthly mean temperature, precipitation, summer precipitation and monthly mean runoff at Yichang, Hankou and Datong stations were analysed. The results indicate that spatial distribution of precipitation and temperature trends is different. The middle and lower Yangtze basin is dominated by upward precipitation trend but by somewhat downward temperature trend; while downward precipitation trend and upward temperature trend occur in the upper Yangtze basin. This is because increasing precipitation leads to increasing cloud coverage and, hence, results in decreasing ground surface temperature. Average monthly precipitation and temperature analysis for the upper, middle and lower Yangtze basin, respectively, further corroborate this viewpoint. Analysis of precipitation trend for these three regions and of runoff trends for the Yichang, Hankou and Datong stations indicated that runoff trends respond well to the precipitation trends. Historical flood trend analysis also shows that floods in the middle and lower Yangtze basin are in upward trend. The above findings indicate that the middle and lower Yangtze basin is likely to face more serious flood disasters. The research results help in further understanding the influence of climatic changes on floods in the Yangtze basin, providing scientific background for the flood control activities in large catchments in Asia. Les résultats montrent que les distributions spatiales des tendances des températures et des précipitations sont différentes. Les deux zones moyenne et aval du bassin du Yangtze sont dominées par une tendance à la hausse des précipitations mais par une certaine tendance à la baisse des températures; tandis que la partie amont du bassin du Yangtze est marquée par des tendances à la baisse pour les précipitations et à la hausse pour les températures. Cela vient du fait que l'augmentation des précipitations induit l'augmentation de la couverture nuageuse et, par conséquent, la diminution de la température à la surface du sol. L'analyse des moyennes mensuelles des précipitations et des températures, respectivement dans les zones amont, moyenne et aval du bassin, corrobore plus encore ce constat. L'analyse de la tendance des précipitations pour ces trois régions et des tendances des débits des stations de Yichang, Hankou et Datong montre que les variations de débits répondent bien aux variations pluviométriques. L'analyse de l'historique des crues indique également une Qiang Zhang et al.
INTRODUCTION
Floods are among the most serious natural disasters and have a severe impact on human society worldwide. According to Zhou et al. (2002) and CWRC (2002) , of 594 recorded severe natural disasters in the world in 1996, 27% were floods, causing 56% of the total number of deaths and 57% of the total economic losses. The occurrence of floods has been studied from various points of view (e.g. Prudhomme et al., 2003; Grossman, 2001; Simonovic & Carson, 2003) . In particular, the connections between climatic changes and occurrence of floods are receiving increasing attention in academic circles (e.g. Muzik, 2002; Boorman & Sefton, 1997) .
The Yangtze (Changjiang) River originates in the Qinghai-Tibet Plateau and flows about 6300 km eastwards to the East China Sea. The drainage basin lies between 91-122°E and 25-35°N ( at Hankou station (at Wuhan, on the middle Yangtze River). The Yangtze basin is climatically characterized by a subtropical monsoon climate. The southern part of the basin is climatically close to tropical climate and northern part is near to temperate zone. The annual mean temperature in the southern and northern parts of the middle and lower Yangtze basin is 19 and 15°C, respectively. The topography in the upper Yangtze basin exerts great influence on the climate, e.g. the annual mean temperature is in the range from 17 to 0°C between the Sichuan basin and the Tibet Plateau. The long-term mean annual precipitation of the whole Yangtze basin is 1067 mm, but the spatial distribution of the rainfall is extremely uneven. Generally speaking, the rainfall decreases from the southeast to the northwest of the basin. Since differences in longitude and altitude (less in latitude) give rise to sharp variations in precipitation and temperature within the region, the whole Yangtze basin is divided into three regions for the purposes of this study, which corresponds to the altitude zones (Table 1) .
Temporal and spatial distribution of the rainstorm zone is in close relation with monsoon activities and the seasonal motion of subtropical highs. Therefore, summer is the main flooding season for the Yangtze basin.
The Yangtze floods caused serious problems in China. In 1998, the entire Yangtze drainage area suffered from tremendous flooding-the largest flood since 1954, leading to the economic loss of 166 billion ( ×10 9 ) yuan (US$20 billion) (Yin & Li, 2001) .
In this study, the instrumental data of precipitation, temperature and runoff, and historical flood data are collected and analysed to better understand the impacts of climatic change on flood occurrence.
DATA AND METHODS
A data set of 51 National Meteorological Observatory (NMO) stations with long-term monthly precipitation and temperature data in the Yangtze basin, China, were analysed for this study (Fig. 2 , Tables 1 and 2 ). The data were provided by the National Climatic Centre of China of the China Meteorological Administration and contain values from January 1950 to December 2002. The location of the stations can be seen in Fig. 2 . The homogeneity of the precipitation records was analysed by calculating the von Neumann ratio (N) and the cumulative deviations (Q/n -0.5 and R/n -0.5 ) (Buishand, 1982 (Fig. 2) . These data were provided by the Changjiang Water Resources Commission (CWRC). Historical data of floods were extracted from documents (Luo & Le, 1996) and a modern flooding survey (CWRC, 2000) .
The main analysis method used in this paper is the Mann-Kendall rank statistic method (MK) (Libiseller, 2002; Kendall, 1938) . In the 1970s, the catastrophe analysis of climatic changes was widely used in the research on climatic evolution (Helsel & Hirsch, 1992; Wei, 1999) . However, in this study, the MK method has been used to explore the changing features of precipitation and temperature in June, July and August in the upper, middle and lower Yangtze basin, as well as the summer (June, July, August) precipitation and flood runoff from Yichang, Hankou and Datong stations (Fig. 2) .
The MK method assumes that the time series under research are stable, independent and random with equal probability distribution. Assume the time series under study is x 1 , x 2 , x 3, …, x n , and m i denotes the cumulative total of samples so that
where n is the number of the samples. The definition of the statistical parameter d k is as follows:
on the condition that the original time series was random and independent. The variance and mean of d k are defined as:
Under the assumption above, the definition of statistical index of UF k is as follows: Here the term UF k satisfies the normal distribution. The observed trends were spatially interpolated by applying the inverse distance weighted (IDW) interpolation method after applying and comparing different interpolation methods (e.g. kriging). Applying other interpolation methods results in similar output maps (Gemmer et al., 2004) .
RESULTS

Observed precipitation trends
The observed trends were spatially interpolated by applying the IDW interpolation method using the ArcView software package. The changing trends were tested at 90, 95 and 99% significance levels. It can be seen from Fig. 3 that in June the precipitation in the middle Yangtze basin shows a significant upward trend (at >90% significance level). In some stations in the southern part of the middle Yangtze basin, this upward trend can reach 99% significance level. Precipitation in some parts of the lower Yangtze basin also shows an upward trend at >95% significance level. In other places, however, the precipitation trend is not significant. However, in July, the places with upward precipitation trend are shifted to the lower Yangtze basin as compared to June. Upward precipitation trend in some stations of the lower Yangtze, such as Shanghai, reached the 99% significance level. Some places in the upper Yangtze basin showed a downward trend at >95% significance level. In August, places with upward precipitation trend were concentrated mainly in the Yangtze Delta region at >95% significance level. The precipitation trend in other places in August was not statistically significant (at <90% significance level). Figure 4 demonstrates the spatial distribution of the changing trend of summer precipitation ( Fig. 4(a) ) and summer precipitation anomalies between the 1990s and 1951-1990 (Fig. 4(b) ). One can see that, in the middle and lower Yangtze basin, the summer precipitation has an upward trend at >90% significance level. The downward trends occurred in the upper Yangtze basin, especially in the northern Yangtze basin at >90% significance level. With regard to the summer precipitation anomalies, one can see that middle and lower Yangtze basin are characterized by increasing summer precipitation (with precipitation anomalies of <51-100 mm and even >101 mm) and the upper Yangtze basin is characterized by decreasing summer precipitation (with precipitation anomalies of <50 mm) (Fig. 4(b) ). If one explores the changing trends of precipitation by dividing the whole Yangtze basin into three parts based on longitude (Table 1 ), one can see that different changing trends occurred in different seasons (Fig. 5 ). In the upper Yangtze basin, both the precipitation in June and August and the summer precipitation show a downward trend, and the precipitation in July has an upward trend. In middle Yangtze basin, precipitation in August shows a downward trend, while that in June, July and summer shows an upward trend. For the lower Yangtze basin, the precipitation in June, July, August and the total summer precipitation show an upward trend (Figs 3 and 4) . Figure 6 demonstrates that, in June, the upper Yangtze basin is dominated by upward temperature trends at >90% significance level. Temperature in some places in the lower Yangtze basin is characterized by upward trends. The downward trends occurred mainly in the northern middle Yangtze basin at >90% significance level. However, in July most places in the Yangtze basin are dominated by downward temperature trends, which are concentrated mainly in the middle Yangtze basin at >90% and even at >99% significance level. Temperature in August presents similar changing trends when compared to temperature changes in June; that is, the upward temperature trends dominate the upper Yangtze basin, and downward temperature trends occurred in the southeastern and northern Yangtze basin at >90% significance level. Figure 7 shows the temperature changes in the upper, middle and lower Yangtze basin, respectively. For the upper Yangtze basin, the temperature in June and August shows an upward trend, while the temperature in July shows a downward trend. For the middle and lower Yangtze basin, the temperature changes are dominated by downward trend: in the lower Yangtze basin only temperature in June shows an upward trend. 
Observed temperature trends
PRECIPITATION, TEMPERATURE AND RUNOFF TRENDS IN THE UPPER, MIDDLE AND LOWER YANGTZE BASIN
Mann-Kendall analysis is a non-parametric statistical test method for trend detection in a time series which does not assume the normality of distribution. Figure 8 shows the MK analysis of the monthly precipitation of the upper, middle and lower Yangtze basin. The UF curve shows the changing trend of a time series. The time series will be in downward trend if UF < 0 and vice versa. If the UF value is greater than the critical values (the two dashed lines beside the one showing zero value), then this upward or downward trend is at >95% significance level. When the UF and UB curves intersect at a certain time, the intersection point denotes the jumping time.
The analysis shows that in the upper Yangtze basin (Fig. 9) , during 1951-2000, the precipitation has a downward trend, which in [1980] [1981] [1982] [1983] [1984] [1985] shows an upward trend and during the last five years this trend is at >95% significance level. The jump time in the precipitation series in the lower Yangtze basin is during 1991-1993. Figure 10 shows the temperature trends in the upper, middle and lower Yangtze basin. It can be seen from Figure 11 demonstrates that the jump time of runoff changes at the Yichang station is around 1997. It can be seen clearly from Fig. 10 that during 1968-1998 runoff at the Yichang station is in downward trend. The changing trends of the runoff at Hankou and Datong stations are similar (location of these three stations can be found in Fig. 2) . The beginning time of the upward trend of the runoff at Hankou and Datong stations is about 1980 and 1968 respectively (Fig. 11) . This abrupt change in the runoff at Hankou and Datong stations may be the result of the abrupt change of the wind field in the Asian monsoon region and above the west Pacific Ocean (Fu & Fletcher, 1988) . The jump time of the runoff of these two stations is about [1985] [1986] [1987] [1988] [1989] [1990] , earlier than that of the Yichang station.
FLOODS IN THE UPPER, MIDDLE, LOWER AND THE WHOLE YANGTZE BASIN, RESPECTIVELY
Data of floods that occurred during 1950-2000 were collected. The disaster magnitude was determined by the combination of flood-affected area, amount of damage (population and houses, etc.), peak flood runoff and also the occurrence frequency of floods (the frequency of extremely large floods is below 5%, that of larger floods between 5 and 10% and that of usual floods 10-20%). Here all floods, including extremely large floods, larger floods and usual floods, were considered without regard for flooding magnitude. The number of floods is statistically calculated per 5 years (Fig. 12) . Figure 12 demonstrates clearly that the floods in the upper Yangtze River are in downward trend. In the middle and lower Yangtze River floods are in upward trend. As for the whole Yangtze basin, the changing trend of the number of floods is complex. During 1950 During -1980 , the floods are in downward trend, and afterwards in upward trend. It can be seen from Fig. 12 that, for the whole Yangtze basin and for the lower and middle Yangtze River, the floods are in upward trend, especially during 1985-2000. Global warming may exert a great impact on the probabilities of occurrence of floods in the Yangtze basin, which is in line with those of GCMs (Gao et al., 2001 ), but not confirmed in some areas, such as Central Europe (Mudelsee et al., 2003) . The regional response to global warming varies within the Yangtze basin, especially for correlations between precipitation and temperature. 1998, 1980 and 1967, respectively . It should be mentioned that an upward trend of flood runoff over time is evident. Yichang station mainly collects the runoff from the upper Yangtze basin, while Hankou and Datong stations mainly collect the runoff from the upper, middle and lower Yangtze basin. Therefore, one can tentatively conclude from the runoff, the precipitation trends of the upper, middle and lower Yangtze basin and the spatially interpolated precipitation trends in the whole Yangtze basin that precipitation trend corresponds well to the runoff trends. Trend analysis shows that the middle and lower Yangtze basin are likely to face more serious flooding hazards. 3. Time series analysis of the occurrence of floods indicates that the floods in the upper Yangtze River are in downward trend and floods in the middle and lower Yangtze River are in upward trend. This result is further corroborated by evidence from analysis results of the monthly mean flood runoff and precipitation. As such, more attention should be given to the middle and lower Yangtze River in floodcontrolling activities. 4. The temperature analysed in this paper is the Earth surface temperature, but not at high latitude (e.g. higher than the stratosphere). Therefore, cloud cover will influence the Earth's surface, increased cloud coverage will decrease the ground surface temperature. This is the possible reason for the adverse spatially interpolated trends between temperature and precipitation. It should be mentioned that only precipitation and temperature are considered as factors influencing runoff production. Evaporation, wind, solar radiation and human activities are not considered in this paper. Human-induced deforestation and soil erosion will lead to higher water levels and intensify the flood hazards (e.g. the 1998 flood) (He & Jiao, 1998) . Therefore, the mechanisms of the occurrence of floods in the Yangtze basin will be more complex over time because of intensified human activities (Yin & Li, 2001) and further research will be necessary.
SUMMARY AND CONCLUSIONS
